We present results of a ground-based survey for Cepheid variables in NGC 4258. This galaxy plays a key role in the Extragalactic Distance Scale due to its very precise and accurate distance determination via VLBI observations of water masers. We imaged two fields within this galaxy using the Gemini North telescope and GMOS, obtaining 16 epochs of data in the SDSS gri bands over 4 years. We carried out PSF photometry and detected 94 Cepheids with periods between 7 and 127 days, as well as an additional 215 variables which may be Cepheids or Population II pulsators. We used the Cepheid sample to test the absolute calibration of theoretical gri Period-Luminosity relations and found good agreement with the maser distance to this galaxy. The expected data products from the Large Synoptic Survey Telescope (LSST) should enable Cepheid searches out to at least 10 Mpc.
INTRODUCTION
The classical Extragalactic Distance Scale plays a key role in the current era of "precision cosmology" by providing an estimate of the Hubble constant (H 0 ) free from assumptions about the contents of our Universe. Hence, comparing the value of H 0 obtained via Cepheids and type Ia supernovae (e.g., Riess et al. 2011) with the one inferred from BAO and CMB observations (Anderson et al. 2014; Planck Collaboration et al. 2013) can provide a strong additional constraint on the properties of dark energy and other cosmological parameters (Weinberg et al. 2013; Dvorkin et al. 2014) .
NGC 4258 is a critical anchor in the Cosmic Distance Ladder thanks to its very precise and accurate distance estimate based on VLBI observations of water masers orbiting its central massive black hole (Miyoshi et al. 1995; Herrnstein et al. 1999; Argon et al. 2007; Humphreys et al. 2008) , with a current value of D = 7.6 ± 3% Mpc (Humphreys et al. 2013 , equivalent to a distance modulus of µ 0 = 29.404 ± 0.065 mag). It was previously surveyed for Cepheids by Macri et al. (2006) , who used the Hubble Space Telescope Advanced Camera for Surveys (ACS) to discover 281 variables with periods between 4 and 45 days. Recently, Fausnaugh et al. (2014) used the Large Binocular Telescope to survey the entire disk of NGC 4258 for Cepheids and found 81 Cepheids with 13 < P < 90 d. They used the technique developed by Gerke et al. (2011) , in which Cepheids are detected via difference-imaging of ground-based data and the photometric calibration is obtained from Hubble images.
Given the importance of NGC 4258 for the Extragalactic Distance Scale, we wished to increase its sample of Cepheids with an emphasis on long-period objects. Among the 117 NGC 4258 Cepheids used by Riess et al. (2011) , only 24% have P > 30d (11% for P > 40d), whereas the samples in the 8 SNe Ia hosts used in that work contain 72% and 47% of the objects in the same * Corresponding author; lmacri@tamu.edu period ranges. A better match in the period range spanned by calibrator and target galaxies helps to decrease the impact of the systematic uncertainty associated with possible changes in the slope of the Cepheid Period-Luminosity (P-L) relation from galaxy to galaxy. An additional motivation for our study was to provide an empirical absolute calibration of the Cepheid PeriodLuminosity relations in the SDSS gri filters, to supplement the semi-empirical approach of Ngeow & Kanbur (2007) and the theoretical models of Di Criscienzo et al. (2013) . The use of this filter set for Cepheid work will become more prevalent in the era of LSST.
The rest of this paper is organized as follows: §2 presents the details of the observations; §3 describes the data reduction, photometry and calibration; §4 discusses the fiducial Cepheid P-L relations in the SDSS filters; §5 details the procedures used to identify and classify Cepheid variables; §6 discusses our results; and §7 explores the use of LSST for extragalactic Cepheid work.
OBSERVATIONS

Gemini North
We conducted the Cepheid search using the Gemini North 8.1-m telescope and the Gemini Multi-Object Spectrograph (GMOS, Davies et al. 1997) , under programs GN-2004A-Q-22 and GN-2007A-Q-14. GMOS has a 5.
′ 5 × 5. ′ 5 field of view that is covered by three chargedcoupled devices (CCDs) with a scale of 0.
′′ 0727/pixel. There are two small (2.
′′ 8) gaps between the CCDs and the corners of the outer chips are not illuminated.
NGC 4258 was imaged on 22 nights over 4 years in order to ensure good phase coverage of the Cepheids. We targeted two fields within the galaxy located at different galactocentric distances, placed so they would fully contain the regions previously observed by Macri et al. (2006) . The GMOS field of view is ∼ 3× that of ACS, so this overlap enables the recovery of long-period Cepheids previously discovered with HST while still significantly extending the area of the disk that is monitored for variables. We follow the naming convention adopted by Macri et al. (2006) : the field located at a larger galactocentric distance is called "outer" and the one closer to the galaxy nucleus is called "inner". The GMOS fields were centered at α = 12 h 19 m 20.16 s , δ = +47
• 12 ′ 33. ′′ 3 and α = 12 h 18 m 48.21 s , δ = +47
• 20 ′ 25. ′′ 8 (J2000.0) for the "outer" and "inner" fields respectively. Figure 1 shows the location of the fields within the galaxy.
We typically obtained 2×600 s exposures at each epoch using the Sloan Digital Sky Survey (SDSS) gri filters (Fukugita et al. 1996) . The observations were obtained in queue mode by Gemini staff when the sky conditions were clear (although not necessarily photometric) and the seeing was below 0. ′′ 7; 16 useful epochs were obtained for each field. The observation log is presented in Table 1 .
WIYN
In order to perform a photometric calibration of the Gemini data (see §3.3), additional observations were obtained with the 3.5-m WIYN telescope at Kitt Peak National Observatory using the MiniMosaic camera. Its field of view of 9.
′ 6 × 9. ′ 6 is covered by 2 CCDs. The camera was used in 2 × 2 binned mode, which yields an effective scale of 0.
′′ 28/pixel. We observed ten fields covering NGC 4258 at three different epochs (one night per lunation for three consecutive months) using SDSS gri filters (Kitt Peak filter numbers k1017, k1018, k1019). The location of the fields is outlined in gray (blue in online edition) in Figure 1 . An additional four fields covering M67 were observed to derive accurate color transformations. Exposure times of 30 s, 300 s and 600 s (hereafter, "shallow", "medium" and "deep") were chosen to bridge the magnitude gap between SDSS and our Gemini photometry. showing the footprints of the GMOS (octagonal, black and white), WIYN (square, blue) and Macri et al. (2006) HST/ACS (square, red) fields. The "inner" field is located north of the galaxy center, while the "outer" field is located south and east.
DATA REDUCTION AND PHOTOMETRY
Gemini
We processed the raw images using the IRAF 2 gemini package. These routines perform overscan, bias and flatfield corrections that take into account the unique field of view of GMOS. Each CCDs was extracted to a separate FITS file, and the edges were trimmed by an additional 50 pixels.
Due to the crowded nature of the fields, we carried out point-spread function (PSF) photometry using the DAOPHOT and ALLSTAR programs (Stetson 1987 (Stetson , 1993 on each image. Through visual inspection of the images using IRAF, we derived a starting value for the PSF FWHM of 5 pixels with a local sky annulus extending from 15 to 20 pixels. The task FIND was used for an initial detection of objects above a 5σ while the PHOT task returned aperture photometry for these objects. Stars at or near the saturation limit and objects within 2−5 ′′ were identified and temporarily removed from the photometry files to ensure they were not used in the calculation of the PSF model. Saturation trails were masked in a similar manner. The PICK task was used to select 100 stars from the cleaned aperture photometry list, which were visually examined to confirm that they were bright and isolated and to reject misidentified galaxies and stars with close companions. About 15-35 stars per chip remained after this examination, which were used by the PSF task to calculate a PSF model for each image. Finally, ALLSTAR was run to obtain preliminary PSF photometry for all sources.
We used DAOMATCH and DAOMASTER to calculate coor- dinate transformations between the images. We selected 7 or 8 images with the best seeing to create a master image in each band and chip. We performed photometry on each master frame as described above, but this time adopting a 3σ threshold. The total number of objects detected was ∼ 4 × 10 4 , 6 × 10 4 and 7 × 10 4 in gri respectively. Lastly, ALLFRAME (Stetson 1994 ) was used to carry out fixed-position, simultaneous PSF photometry on all images.
WIYN
We applied an overscan, bias and flat-field correction on all images obtained at the WIYN telescope using the IRAF mscred package. We performed PSF photometry on all images using the DAOPHOT package as described in the previous section. We selected bright, isolated stars to create a PSF model for each image and ALLSTAR was run to obtain PSF photometry.
Photometric Calibration
Due to the significant difference in the magnitude range covered by the SDSS-DR7 photometric catalog (Abazajian et al. 2009 ) and our Gemini images, it was not possible to obtain a direct calibration of the latter based on the former. Bright stars in the Gemini images were undetected by SDSS, while most bright SDSS stars were saturated in the Gemini fields. We bridged this magnitude gap by observing the NGC 4258 fields with WIYN as described in §2.2 and generating a catalog of local standards.
All steps in our photometric calibration procedure are listed in Table 2 . We describe the term being solved for, the source and target photometric catalogs, magnitude range of the stars being used, number of objects used in the final fit, and the systematic uncertainty to be propagated into our final Cepheid magnitudes. In the case of color terms, we evaluated the uncertainty at the extremes of the color range spanned by Cepheids (±0.5 mag relative to the pivot color used in our solutions). In all cases we used PSF photometry and parameters were determined through an iterative sigma clipping procedure. We visually inspected all objects being used in any step that tied two different telescopes/cameras to remove galaxies and blends. Some comments on the individual steps follow.
We found small but well-detected color terms for the transformation of WIYN MiniMosaic magnitudes into the SDSS system; using g − r as the target color, the values were −0.038, −0.032, −0.037 ± 0.003 for gri, respectively. These were derived using high SNR observations of M67 and were fixed for the subsequent step (determination of zeropoints for the "shallow" NGC 4258 fields). Table 3 lists the magnitudes of these secondary standards, which may be useful to future observers. Due to the limited color range of the stars in common between WIYN and Gemini, and their noisier photometry (median σ = 0.045 mag), we adopted the color terms for GMOS-N derived by Jørgensen (2009) and only solved for the zeropoints. We listed the mean uncertainties for this step in the Table, but propagated the actual values in our calculations. In summary, we estimate systematic zeropoint uncertainties of ∼ 45 mmag for our Cepheid magnitudes.
We carried out artificial star tests to characterize the completeness and crowding biases in the Gemini photometry. We divided the color-magnitude diagram into four quadrants and randomly selected 30 stars from each one to ensure that a broad range of stars were simulated. We added these 120 stars to the master frame with the DAOPHOT task ADDSTAR. We repeated this procedure 20 times to increase the statistical significance of our simulations. We performed photometry and matched the detected objects with the input artificial star lists, adopting a critical matching radius of 1.1 pix (equivalent to 3σ). Table 4 lists the magnitudes at which we expect to detect 50% and 80% of the sources. We found no statistically significant photometric bias due to crowding at the magnitudes equivalent to 50% completeness levels. Given the maser distance to NGC 4258 and the fiducial P-L relations discussed in §4, we expect our Cepheid sample to be severely incomplete below P = 10 and 15d for the outer and inner fields, respectively.
Before discussing the identification of Cepheid variables in our data, we will address the issue of fiducial Cepheid P-L relations in the SDSS filters since these are used in our candidate selection process.
FIDUCIAL CEPHEID P-L RELATIONS IN SDSS FILTERS
Despite its introduction nearly two decades ago, the SDSS filter set has rarely been used for Cepheid photometry. The two most notable uses are the massive surveys of M33 (Hartman et al. 2006 ) and M31 (Kodric et al. 2013 (Kodric et al. , 2014 using the MMT and the Pan-STARRS telescopes, respectively. Unfortunately, despite concerted efforts over the past decade (Ribas et al. 2005; Bonanos et al. 2006; Vilardell et al. 2010 ) neither galaxy has a distance estimate as robust as that for the LMC by Pietrzyński et al. (2013) : D = 49.97 ± 2% kpc (equivalent to µ 0 = 18.493 ± 0.048 mag). Furthermore, given the apparent LMC-like metallicity prevalent throughout most of the disk of NGC 4258 (Bresolin 2011) , this Milky Way satellite should provide the most appropriate sample of Cepheids from which to obtain a fiducial P-L relation for our analysis.
Motivated by the above, and in a manner similar to previous work by Ngeow & Kanbur (2007) , we generated semi-empirical Cepheid P-L relations in the SDSS gri filters based on VI photometry for > 750 LMC variables with 2.5 < P < 100d compiled by Macri et al. (2014) . This dataset consists mainly of OGLE photometry Soszynski et al. (2008) ; Ulaczyk et al. (2013) supplemented by literature measurements for additional longperiod objects (Martin et al. 1979; Freedman et al. 1985; Barnes et al. 1999; Tanvir & Boyle 1999; Sebo et al. 2002; Ngeow & Kanbur 2006) . We derived photometric transformations appropriate for Cepheids using synthetic magnitudes for stars with log g ≤ 1 based on the Castelli & Kurucz (2003) models, kindly provided by F. Castelli 3 . We fit cubic-order polynomials to stars with V − I < 1.5 and obtained transformations with rms < 0.01 mag. Using the previously-discussed distance modulus for the LMC, this procedure yielded the following P-L relations in the SDSS gri filters: g = −3.657(50) − 2.560(34)(log P −1) σ = 0.261 (1) r = −4.148(49) − 2.845(23)(log P −1) σ = 0.177 (2) i = −4.275(48) − 2.952(19)(log P −1) σ = 0.148 (3) where the zeropoint uncertainties include the term associated with the distance modulus. We then calculated an independent set of P-L relations based on the theoretical Cepheid magnitudes in SDSS filters computed by Di Criscienzo et al. (2013) . We restricted the dataset to 2.5 < P < 40d due to the incomplete filling of the instability strip beyond the upper period limit, which arises as a consequence of the upper mass limit considered in the models. We obtained: g = −3.738(07) − 2.615(18)(log P −1) σ = 0.214 (4) r = −4.241(05) − 2.882(13)(log P −1) σ = 0.161 (5) i = −4.402(04) − 2.987(12)(log P −1) σ = 0. 139 (6) which are in excellent agreement in terms of the slopes with the previous set of relations; both sets are shown in Figure 2 . We used each set of PLs to derive relations between the residuals of a given Cepheid in two bands, which we will use in our candidate selection process below. We found: ∆r = 0.752 ∆g σ = 0.028 (7) ∆i = 0.650 ∆g σ = 0.038 (8) ∆i = 0.864 ∆r σ = 0.015,
where the dispersions were calculated using the LMC data. We also calculated the 1σ-equivalent ranges spanned by the variables along the color-color relations, which were 0.27, 0.25 and 0.21 mag, respectively.
IDENTIFICATION OF CEPHEID VARIABLES
We used the TRIAL program (kindly provided by P. Stetson) to identify variable objects by calculating the modified Welch-Stetson variability index L (Stetson 1996) in the r-band data, setting L r = 0.75 as the variability threshold and only considering objects with valid photometry in ≥ 75% of the r & i images. There were 4143 objects that met these criteria; of these, 54% also had valid g photometry. We only expected a small fraction of the variables to be Cepheids, with the majority likely being irregular or semi-periodic RGB/AGB pulsators. We selected Cepheid candidates following the steps outlined below; the number of objects rejected at each stage are summarized in Table 5 .
a. We ran the Cepheid template-fitting program developed by Yoachim et al. (2009) on the (g)ri light curves, using 100 initial trial periods spanning 7 to 124 days (spaced every 0.0125 dex in log P ). The lower limit was set by our sparse observational sampling and estimated completeness limit (described in §3.3) while the upper limit was set to search for ultra-long period Cepheids. We selected the best-fit period corresponding to the lowest value of χ 2 returned by the template-fitting program. We derived flux-weighted mean magnitudes by numerical integration of the best-fit template light curves, and calculated the light curve semiamplitudes as half of the difference between the faintest and brightest points in the template. The uncertainties in both of these parameters were estimated by evaluating χ 2 over a grid of values while keeping the period fixed to the best-fit value.
b. We discarded objects with i-band semi-amplitudes below 0.1 mag to remove blended objects and lowamplitude semi-regular variables. We generated histograms of the best-fit periods for the remaining variables to identify any possible aliasing due to the sparse nature of our observations. Using a bin size of ∆ log P = 10 −3 , we found that ∼ 70% of the bins were empty and ∼ 25% of the bins had only one variable. We flagged any bin with more than 4 variables as a possibly aliased period and reran the previous step excluding those periods from consideration. We identified any remaining aliased periods after the second iteration and removed those objects from further consideration.
c. We carried out the template-fitting procedure described in (a) on the BV I and V I light curves of all fundamental-mode LMC Cepheids from OGLE-II (Udalski et al. 1999 ) and OGLE-III (Soszynski et al. 2008; Ulaczyk et al. 2013) , respectively, except that we kept the periods fixed to the published values. We transformed the resulting best-fit templates into the gri system using the previously-mentioned models by Castelli & Kurucz (2003) and calculated the light curve amplitude ratios exhibited by Cepheids in these bands. We found A g /A r = 1.610 ± 0.062 and A i /A r = 0.781 ± 0.024. We then classified the remaining variables in NGC 4258 according to their amplitude ratios; objects within 6σ of the LMC values were given a grade of "A", those at 6 − 9σ "B", those at 9 − 12σ "C", and the rest "F". Variables without valid g photometry were classified solely based on their ito-r amplitude ratio. Figure 3 shows the result of this step. Table 6 ; open symbols represent objects listed in Table 7 , and small dots represent variables rejected at any step of the selection process.
d. We selected variables with a grade of "A" from the preceding step, gri photometry and 15 < P < 100d as our reference subsets (to avoid incompleteness bias at the short end and possible non-linearities at the long end) and fit the P-L relations listed in Equations 4 − 6. We calculated the residuals of all variables in all bands relative to the bestfit relations and fit them using the relations listed in Equations 7 − 9. We flagged (with a grade of "C") and removed from further fitting any object with a residual in any band exceeding 1 mag in absolute value, as these are likely either badly blended Cepheids (on the bright side) or heavily reddened Cepheids/Pop II variables (on the faint side). We flagged (with a grade of "B") and removed from further fitting any objects lying beyond 6σ of the dispersions determined in Equations 7 − 9 and with residuals greater than 2.5σ based on the observed dispersion for NGC 4258 Cepheids. We only flagged and removed one object per band on each iteration and continued until convergence. Figure 4 shows the result of this step.
e. Finally, we inspected the master images at the location of each variable to ensure that all candidates were well-resolved and isolated point sources, located at least 0. ′′ 5 away from chip edges.
The final Cepheid sample contains 94 objects (listed in Table 6 ) that received a grade of "A" or "B" in steps (c) and (d). Variables with a grade of "C" in either step are listed in Table 7 ; these 215 objects are probably blends, highly reddened Cepheids, or Population II pulsators. The locations of both sets of objects within the Gemini fields are shown in Figures 5a & 5b, while individual finding charts can be found in Figures 6a-6g. Representative light curves are plotted in Figure 7 and all light curve data is presented in Table 8 .
RESULTS
We calculated the Cepheid detection efficiency and robustness of the derived periods by comparing our sample with that of Macri et al. (2006) over the areas in common (see Figure 1 ). There are 246 Cepheids from that study with 4 < P < 45 d located within our fields. As expected from the artificial star tests described in §3.3, our ability to detect significant variability (L r ≥ 0.75) was very low (9%) for P < 7 d Cepheids, increasing to 42% and 56% for 7 < P < 15 d and P > 15 d, respectively. Focusing on the last group, 53% of the detected variables were ultimately rejected because of aliased periods or very low pulsation amplitudes (rejection criterion "b" in §5), 41% were classified as Cepheids, and 6% classified as "variables" (highly reddened/blended Cepheids or Pop. II pulsators). The periods we derived for the objects classified as Cepheids were very robust, with ∆ log P = −0.005 ± 0.010 relative to their HSTbased values. We also compared our results with those of Fausnaugh et al. (2014) . We detected significant variability for 79% of their Cepheids located within our fields and classified 74% of these as Cepheids, 4% as lowerquality variables, and rejected the remaining 22%. A comparison of the periods for Cepheids in common again revealed excellent agreement for all but one object, with ∆ log P = −0.0007 ± 0.0001. After taking into account objects present in the two aforementioned studies, our survey contributes an additional 57 Cepheids & 205 variables.
We present the P-L relations for Cepheids and variables in our sample in Figure 8 . The Cepheid relations become incomplete at P ∼ 15d, as expected from the artificial star tests and the detection efficiency discussed above. We fit the P-L relations listed in Eqns. 4-6 to the 40 Cepheids in Table 6 with gri data and 15 < P < 100d and obtained apparent distance moduli of µ g = 29.29±0.06(r)±0.04(s), µ r = 29.24±0.05(r)±0.04(s) and µ i = 29.24 ± 0.05(r)± 0.05(s) mag (where r and s are used to denote random and systematic uncertainties, respectively). We adopted the extinction law of Fitzpatrick (1999) with R V = 3.1 and solved for the best-fit values of true distance modulus and reddening. Given the rather large uncertainties in the individual distance moduli and Tables 6 &7, relative to the best-fit P-L relations for objects with "A"-grade amplitude ratios and 15 < P < 100d. Filled symbols denote Cepheids with "A" grade in amplitude ratios and PL residuals while open symbols denote Cepheids with "B" grade in at least one category. Starred symbols represent objects listed in Table 7 . Red symbols are used for object with only r and i photometry.
the short wavelength baseline provided by the filters we used, there is a large covariance between these two parameters. Nevertheless, we find µ 0 = 29.18 ± 0.23 mag and E(B−V ) = 0.03 ± 0.08 mag, which are consistent at the 1σ level with the maser-based distance modulus of µ 0 = 29.404 ± 0.065 mag (Humphreys et al. 2013 ) and the foreground Galactic reddening towards NGC 4258 of E(B − V ) = 0.014 mag (Schlafly & Finkbeiner 2011) . Given the very shallow abundance gradient in NGC 4258 (Bresolin 2011) , the Cepheids in our sample lie in areas of the disk that span a narrow range of LMC-like metallicities ( [O/H] = 8.34 ± 0.07 dex). We are therefore unable to provide any constraints on the "metallicity effect"at these wavelengths (for a recent study of this issue, see Fausnaugh et al. 2014 ).
Figure 8 also shows the expected P-L relations for Population II Cepheids in r and i, which match fairly well the distribution of periods and magnitudes of the variables listed in Table 7 . The slopes of those relations were fixed to the values derived by Kodric et al. (2013, Table 3 , entries labeled "PLC", which stands for clipped P-L relation) and the zeropoints were obtained by shifting the best-fit mean magnitudes of our observed P-L relations for "classical" (i.e., Population I) Cepheids at P = 80d by +1.91 mag. This average offset was derived by calculat- Table 6 ) and variables (listed in Table 7 ) are indicated by circles and squares, respectively. The image is 5. ′ 5 on a side. Table 7 . The uncertainties in mean magnitude and period are comparable to the size of the symbols. The slopes of the Cepheid P-L relations (solid lines) were fixed to the values derived from the theoretical Cepheid magnitudes of Di Criscienzo et al. (2013) as described in §4; the dashed lines indicate the ±2σ dispersion of the fits. The dotted lines in the r and i panels represent the Pop II P-L relations of Kodric et al. (2013) shifted to the distance modulus of NGC 4258 as described in §6. Table 2 Figure 9 . The semiempirical P-L relations of §4 were used to illustrate the approximate location and intrinsic width of the zeroextinction instability strip. There is some evidence for differential extinction among Cepheids with P > 80d, which is commonly seen in other galaxies since these are the youngest Cepheids and therefore are closest to their natal regions. The variables listed in Table 7 are mostly located in the AGB/RGB region of the diagram, as expected given their likely nature (Population II pulsator or highly-reddened classical Cepheid). Fig. 9 .-Color-magnitude diagrams of stars in NGC 4258, using g − r (left) and r − i (right). Symbols have the same meaning as Fig. 8 , except that red starred symbols are used to plot objects listed in Table 7 . The center of the zero-extinction instability strip is marked with a solid line, while the dotted lines represent its 2σ width. Extinction vectors for Ar = 0.2 mag are plotted.
PROSPECTS FOR LSST
Our results have demonstrated the feasibility of discovering Cepheids and other long-period variables with 8-m class telescopes out to significantly larger distances than before (D ∼ 4.5 Mpc for M83, Thim et al. 2003) . Furthermore, the work carried out by Gerke et al. (2011) and Fausnaugh et al. (2014) have highlighted the efficacy of difference imaging techniques for these surveys, as originally demonstrated by Bonanos & Stanek (2003) .
The Large Synoptic Survey Telescope (LSST), slated to start operations by the end of the decade, will deliver images of most of the southern sky with angular resolution and depth (5σ limiting magnitude) comparable to the data collected as part of our survey (LSST average values: 0.
′′ 73, g ∼ 24.9, r ∼ 24.6, i ∼ 24.0; our survey: < 0.
′′ 7, g ∼ 26.5, r ∼ 26.4, i ∼ 25.8), but with a vastly superior temporal sampling (LSST: ∼ 32 epochs in g and ∼ 73 in r & i; our survey: ∼ 16 per band). Based on the calculations described below, we expect that LSST will enable efficient searches for Cepheids and long-period variables in a considerable number of galaxies out to at least D ∼ 10 Mpc. At this distance, the typical LSST single-image depth in r will be comparable to the mean magnitude of a P ∼ 25d classical Cepheid or a P ∼ 100d Pop II variable.
We used the Extragalactic Distance Database (EDD, Tully et al. 2009 ) and the Cosmicflows-2 catalog of distances (Tully et al. 2013) to identify spiral or dwarf galaxies that would be suitable for Cepheid searches with LSST based on the following criteria: (i) D < 10 Mpc; (ii) −63
• < δ < 0 • and |b| ≥ 10 • (the approximate boundaries of the "wide-fast-deep" survey mode); (iii) i ≤ 78
• for spirals (i.e., no more inclined than M31). There are 77 galaxies that meet this criteria, which are listed in Table 9 . We include all dwarf galaxies regardless of their recent star formation history because Population II pulsators should be detectable (with a period limit ∼ 4× larger than Population I Cepheids for a given apparent magnitude limit). We also included NGC 5128 despite its "early type" classification because it has been shown to host Population I Cepheids (Ferrarese et al. 2007 ) as well as a significant population of LPVs (Rejkuba 2004). Note. -This table is available in its entirety in machinereadable form in the online version of the paper. A portion is shown here for guidance regarding its form and content. Fig. 10 .-Top and middle panels: Maximum phase gap as a function of period in the light curve of Cepheids observed at the expected LSST cadence and gri magnitude limits, for two galaxies with apparent r distance moduli of 26.5 and 28.8 mag (top and middle, respectively). P min indicates the period below which the maximum phase gap always exceeds the +3σ value. Bottom panel: Same as above, but based on the cadence obtained during our survey of NGC 4258.
We used the following procedure to calculate the approximate minimum period (P min ) down to which we would expect complete coverage of the P-L relations of each of the galaxies listed in Table 9 in at least one of the gri bands. We queried the latest realization of the baseline LSST operations over a ten-year period (ops1.1140) and retrieved the Julian Date, seeing, and 5σ limiting magnitude of the simulated gri observations, discarding those with image quality worse than 1 ′′ . We grouped together observations in a given band obtained on the same night into an "epoch" with the mean Julian Date and the deepest magnitude limit of an individual image -P min versus distance modulus for the simulated LSST observations. Solid symbols denote spiral galaxies, while open ones represent dwarf galaxies. The star symbol shows the corresponding values for our survey of NGC 4258. LSST will deliver excellent phase coverage down to P = 4d for galaxies with D 4.4 Mpc (mu 27.5 mag), after which the limiting magnitude will impact the completeness of the P-L relation at the shortest periods.
(note that this is a conservative limit, since in a real analysis one would combine all images from a given night to increase the depth of the epoch). The resulting number of epochs per band, average seeing and typical 5σ limiting magnitudes are those quoted above. Next, we used the EDD distance modulus and value of Galactic extinction for the given galaxy, along with Eqns. 4-6, to calculate the faintest apparent magnitude for a Cepheid of a given period, assumed to lie +2σ below the mean relation. We combined this information to calculate the shortest Cepheid period that would have complete P-L coverage for each epoch of observation in each band. Once this process was completed, we determined the largest phase gap that would be present in the light curve of a Cepheid of a given period, given the epochs when such a variable could have been detected (above the 5σ magnitude limit). We carried out this calculation for 10 3 trial periods equally spaced in logarithmic space for 4 < P < 100d. Figure 10 shows the result of this simulation for two of the galaxies, with effective r-band distance moduli of 26.5 and 28.6 mag, as well as the phase coverage delivered by our observations of NGC 4258. Figure 11 plots the relation between P min and apparent distance modulus in r for all galaxies listed in the aforementioned Table. We found that for galaxies located at D 4.4 Mpc, the expected LSST cadence and magnitude depth will deliver excellent light curve coverage for all periods of interest. The largest phase gap will typically be 0.058 ± 0.01 or ∼ 4× better than our Gemini observations of NGC 4258, thanks to the significantly larger number of epochs to be obtained. The limiting magnitudes of LSST will result in a increasingly larger value of P min as a function of distance for farther objects, as seen in Fig. 11 . Note that this is again a conservative estimate since we were able to determine reliable periods for variables in NGC 4258 despite a typical maximum phase gap of 0.2; setting this as the limit for P-L completeness reduces log P min by ∼ 0.07 dex, to P ∼ 25d at D ∼ 10 Mpc.
SUMMARY
We used GMOS on Gemini North to carry out a synoptic survey of two fields within NGC 4258 which resulted in the detection of 94 Cepheid candidates and 215 periodic variables; 262 of these were previously unknown. We derived synthetic P-L relations in the SDSS filters using the Cepheid models of Di Criscienzo et al. (2013) and found that their absolute calibration yields distance moduli that are in good agreement with the maser distance to this galaxy obtained by Humphreys et al. (2013) . We investigated the prospects for surveys of extragalactic Population I & II Cepheids using the expected cadence and depth of LSST and found they bode well for a survey of suitable southern galaxies out to D ∼ 10 Mpc.
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